Analysis of lipoproteins by gel permeation chromatography (GPC) has been described, but is not widely used in the dinical setting. In some GPC methods, lipoproteins are separated on conventional agarose gels, but the flow rates are too low to allow large series of analyses (8-10). Therefore, methods based on fast-flow media have been developed. In some, lipoproteins are prepared by ultracentrifugation prior to GPC (11, 12) 
In the clinical laboratory, the major plasma lipoprotein fractions (very-low-, low-, and high-density lipoprotein; VLDL, LDL, and HDL) are analyzed by differential precipitation (1-5), by electrophoresis (6, 7), and, in particular cases, by ultracentrifugation. 4 Analysis of lipoproteins by gel permeation chromatography (GPC) has been described, but is not widely used in the dinical setting. In some GPC methods, lipoproteins are separated on conventional agarose gels, but the flow rates are too low to allow large series of analyses (8-10). Therefore, methods based on fast-flow media have been developed. In some, lipoproteins are prepared by ultracentrifugation prior to GPC (11, 12) (17) . It combines fast-flow agarose gel with a simple, robust postcolumn derivatization method. We here report our evaluation of this system, placing particular emphasis on accuracy, precision, and the correlation of FLPC with a conventional ultracentrifugation and precipitation assay (3). 300-mm Superose 6 column equilibrated with 100 mmol/L Na2HPO4, pH 7.4, and 200 mniol/L NaC1. The eluent flow rate was 300 LImin.
Materials and Methods

Apparatus.
For
Lipoproteins were detected on-line at 500 nm after poet-column derivatization with CHOD-PAP cholesterol reagent. The column eluate and the cholesterol reagent were mixed in a motor-driven microchamber attached to the column outlet, and the mixture was then passed through a "knitted" capillary (20) (21) (22) . Usually, the flow rate of the reagent was 70 fiL1min; run time was 80 mm. Under these conditions, it took the column eluate 2 mm to pass the derivatization capillary. VLDL-C, LDL-C, and HDL-C were calculated on the basis of relative peak areas and total cholesteroL for coating, and, for detection, a monoclonal antibody to apoE, followed by biotinylated anti-mouse IgG (1:8000) and avidin:biotinylated peroxidase complex (1:2000).
Resufts
Figure 1 Thus, Lp(a):B complexes appeared to range in size from 2 x iO to at least 10 x iO kDa. Interestingly, the elution pattern of Lp(a):B complexes was bimodal in all six samples studied.
To prove that FLPC responded linearly to increasing amounts of lipoproteins, we performed a series of runs in which we varied both the volume of a hypercholesterolemic (total cholesterol, 2.95 gIL; LDL-C, 2.21 g/L) sample and the flow rate of the enzymatic cholesterol reagent. As shown in Figure 3 , there was no change in the relative proportions of VLDL, LDL, and HDL if the cholesterol reagent was delivered at a rate of 70 p11mm. Lower flow rates of the reagent, however, resulted in discernible shifts of the LDL to HDL ratio. This showed that under the recommended conditions (elution 300 hypercholesterolemic sample, i.e., up to an LDL-C concentration of 7.74 gIL.
To determine the precision of the FLPC method, we analyzed one normolipidemic specimen on 13 consecutive working days. Interassay CVs were 5.8%, 2.0%, and 1.9% for VLDL-C, LDL-C, and HDL-C, respectively (Table 1) .
We determined lipoproteins in parallel by FLPC and by the combined ultracentrifugation and precipitation method in 37 plasma samples (Figure 4) . To examine bow the FLPC method performed in hypertriglyceridemic samples, we induded 11 samples selected for triglyceride concentrations >2.5 gIL. In this subset of samples, mean and maximal triglyceride concentrations were 4.01 and 8.78 g/L, respectively. Table 2 By analyzing VLDL purified by ultra- did not interfere with the determination of LDL-C or HDL-C by FLPC; the data obtained in the hypertniglyceridemic samples fitted well into the overall regression lines (Figure 4) .
In clinical studies, analyses of frozen samples are often desirable. We therefore studied the effect of freezing and thawing. As shown in Table 3 , there was no difference in results between analyses performed in fresh samples and after 4 weeks of storage at -20 #{176}C.
DIscussIon
There are various physicochemical methods to separate lipoproteins. In the clinical laboratory, precipitation, electrophoresis, and ultracentrifugation, alone or in combination, have been used. However, experience with GPC has been limited until now. Earlier GPC methods precluded large series of analyses, because separations were carried out on agarose matrices with low flow rates, and because lipoproteins had to be isolated from plasma by preparative ultracentnifugation prior to GPC (8-12).
Recently, separations
of lipoproteins on fast-flow agarose gels or on conventional TSK matrices have been reported (13-15). In the latter method, postcolumn denivatization was used, but two TSK columns arranged in series were needed to resolve the major lipoprotein fractions.
In our initial attempts to set up a GPC method for lipoprotein analysis we tried TSK columns, too. However, we noticed that elution profiles were extremely sensitive to variations in ionic strength and composition of the buffer, suggesting that on TSK columns lipoproteins were separated not only by size exdusion but also by ionic interactions. When working with unfractionated plasma (20 .iL), a total of 1.5 mg of protein was loaded per run, and this recurrently caused TSK columns to clog. Moreover, in agreement with others (16), we noticed that there was considerable adsorption of lipoproteins to this support. In FLPC we have overcome these limitations by using a fast-flow agarose matrix (Superose 6) in the presence of a high ionic strength. Beyond this, other technical details are crucial to FLPC: First, the use of a highperformance cholesterol reagent is essential.
We have tested several commercial reagents and found some of them not compatible with FLPC. A suitable reagent 6 (12, 13) . Furthermore, they demonstrate that use of the knitted capillary does not impair resolution.
Lipoprotein subfractions have not been separated by FLPC thus far. Although HDL2 and HDL3 had different retention times when we applied them as fractions purified by ultracentnifugation (data not shown), they were not resolved when whole plasma was applied.
We compared FLPC with a UCIPR method for lipoprotein analysis in 37 plasma samples; of the 37 samples, 11 contained >2.5 gIL triglycerides.
We found excellent correlation between the methods for VLDL-C, LDL-C, and HDL-C. 
